The reaction between the 11-vertex rhodathiaborane [8, ) 2 -nido-8,7-RhSB 9 H 10 ] (1) and 3-pyridylacetonitrile affords the hydrorhodathiaborane [8, 8, ) 2 H-9-(3-Py-CH 2 CN)-nido-8,7-RhSB 9 H 9 ] (2) in good yield. Treatment of this cluster with ethylene leads to the formation of red, [1,1-(PPh 3 )(η 2 -C 2 H 4 )-3-(3-Py-CH 2 CN)-closo-1,2-RhSB 9 H 8 ] (3). Both 11-vertex polyhedral boron-based clusters have been characterized by multielement NMR spectroscopy. In addition, compound 3 has been analyzed by single-crystal X-ray diffraction analysis, and is only the second ethylene ligated metallaheteroborane to be characterized in the solid state. The molecular structure of this cluster is based on an octadecahedron. In the crystal lattice, the individual clusters form layers supported by short edgeto-face -interactions between the phenyl rings of neighboring molecules.
Introduction
Metallaheteroboranes are polyhedral boron-based clusters that feature M-B, E-B and B-B bonds, where M and E are metallic and p-block elements, respectively. Metallacarboranes, where E = C, form the largest group of metallaheteroboranes for which a systematic study of their reaction chemistry has been carried out [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . In contrast, the reaction chemistry of other metallaheteroboranes is poorly developed [14] [15] [16] [17] [18] [19] [20] .
The high-yield synthesis of the 11-vertex [8,8-(PPh 3 ) 2 -nido-8,7-RhSB 9 H 10 ] (1) [21] from the reaction of the Wilkinson's compound with CsSB 9 H 12 has allowed the development of a systematic chemistry based on this cluster. During our research dealing with 1, we have discovered that the reaction with pyridine affords the hydridorhodathiaborane, [8, 8, 8 -(PPh 3 ) 2 H-9-(NC 5 H 5 )-nido-8,7-RhSB 9 H 9 ]. This 11vertex cluster exhibits a remarkable structural nido-to-closo flexibility that has led to a rich reaction chemistry that embraces: (i) nido-to-closo dehydrogenations [22] , (ii) dihydrogen promoted closo-to-nido transformations [23, 24] , (iii) oxidative addition of sp CH bonds, [25] (iv) proton-assisted H 2 activation [26] and (v) catalysis of hydrogenation and isomerization of olefins [23] . Based on these results, and in order to modify the exo-polyhedral surface of the clusters, we report the reaction of the parent rhodathiaborane 1 with 3-pyridylacetonitrile. The incorporation of a hemilabile ligand such as nitrile has afforded species with a daggling C≡N coordinating moiety that has a potential to coordinate to the rhodium centre in an intramolecular fashion or, alternatively, to coordinate intermolecularly to form bimetallic species. These modes of coordination may improve the catalytic activity of this type of 11-verter clusters through the stabilization of new intermediates that may perform better than the previously studied systems in, for example, hydrogenation of olefins [22] .
Results and discussion
The reaction of [8,8- In this reaction, the terminal hydrogen atom at the B(9) vertex adjacent to the metal centre at position 8, is formally substituted by the N-heterocyclic reagent, 3-Py-CH 2 CN (see Scheme 2 for the cluster numbering). The detailed mechanism of this reaction is unknown at this time, although two possible reaction pathways may be envisioned: (a) the Lewis base directly attacks boron atom B(9), leading to the migration of the terminal hydrogen atom to the metal centre, (b) the incoming ligand coordinates the metal centre and subsequently migrates to the B(9) vertex in a process that involves the concerted movement of the terminal hydrogen atom to the rhodium centre (Scheme 2).
Alternatively, the B(9)-H-B(10) bridging hydrogen atom may be involved in both proposed concerted migrations instead of the terminal hydrogen atom, B(9)-H.
Recently, we have demonstrated that the substitution reactions of 1 with monodentate phosphines follow an associative mechanism and, based on these results, it is therefore 5 more probable that the formation of the hydridorhodathiaborane occurs via coordination of the incoming Lewis base to the metal centre. The 3-pyridylacetonitrile-ligated hydridorhodathiaborane, 2, has been characterized by multielement NMR spectroscopy and mass spectrometry. This compound is sparingly soluble in dichloromethane, suggesting that the cluster may exhibit intermolecular interactions leading to an extended association in the solid state. Unfortunately, we have not yet been able to grow a crystal suitable for single-crystal X-ray diffraction analysis. The 1 H-{ 11 B} NMR spectrum of 2 shows a broad singlet and an apparent quartet in the high-field region, which may be assigned to the B(9)B(10) bridging hydrogen atom and to the RhH hydride ligand, respectively. These spectroscopic data are diagnostic for this class of 11-vertex nido-hydridorhodathiaboranes. 6 The low temperature 31 P-{ 1 H} spectrum of 2 exhibits two doublets-of-doublets with the resonance at highest frequency being much broader. This latter resonance increasingly broadens and shifts to lower frequency as the temperature is increased. The lowfrequency signal moves to a slightly higher frequency. This variable temperature NMR behaviour is similar to that found for the [8,8,8- 
analogues (where L = Py, 2-Me-Py, 3-Me-Py and 4-Me-Py) [27] .
It has been proposed that the temperature dependent broadening in the 31 P-{ 1 H} spectra of N-heterocyclic-ligated hydridorhodathiaboranes may arise mainly from the effects of "thermal decoupling" of the boron nuclei [28] together with the dissociation of the phosphine ligand trans to B(9) [22, 23] . Using this rationale, the broader peak at high frequency, in this new family of 11-vertex hydrido-ligated clusters, may be assigned to the phosphine ligand that is trans to the Lewis base-substituted boron vertex at the 9position. Table   1 lists selected distances and angles together with comparison values for the pyridineligated analogue, [1,1-( 2 -C 2 H 4 )(PPh 3 )-3-(Py)-1,2-RhSB 9 H 8 ] (4) [22] . At first sight, the structure of the cluster is based on an octadecahedron. It should be noted that both, the 3-pyridyl-acetonitrile and the pyridine derivatives, feature long Rh(1)B(5) distances close to 2.5 Å, which is the upper limit normally considered as bonding. This relatively long Rh(1)-B(5) linkage is trans to the  2 -ethylene ligand in both rhodathiaboranes, 3 and 4. This type of elongation has been found in others 11-vertex metallaheteroboranes that exhibit a pseudo-square open face [29] , which represent intermediates along the structural continuum from closo to nido [30] [31] [32] [33] . Waals radii. Each cluster shows three of these interactions with two adjacent neighbors ( Figure 2 ). It is noteworthy that these attractive -forces lead to the approach of the B (7) and B(10) vertices and C-H unit of phenyl rings and the -CH 2 CN dangling groups between adjacent clusters. The result is the formation of chains that grow along the crystallographic c-axis. These chains pack on the ac-plane to form a layer, which selfassemble, via the commented -interactions, with an adjacent parallel layer, forming an 9 AB-type of a double layer. The repetition of this close-packed double layer in the unit cell forms the solid structure of compound 3 (Figure 3) . It should be noted that identical results were obtained using the matrices DCTB, terthiophene and dithranol, suggesting that the formation of the dimeric ion is a fundamental property of these 3-pyridyl-ligated clusters. 
Conclusion
Reaction of the 11-vertex rhodathiaborane 1 with 3-pyridylacetonitrile is a convenient method for the modification of the boron-bound exo-polyhedral ligands in 11-vertex rhodathiaboranes. The resulting labile hydridorhodathiaborane 2 reacts with ethylene to 11 give an ethylene-ligated cluster, which has been characterized by X-ray diffraction analysis. This is only the second crystallographically-determined ethylene-ligated polyhedral boron-based cluster reported in the literature. 4 [22] Rh(1)-S(2) 2.3615 (7) 2.3721 (9) Rh(1)-P(1) 2.3000 (7) 2.2981 (9) Rh (1) Goodness of fit on F 2 1.010
Experimental

General Procedures
Reactions were carried out under an argon atmosphere using standard Schlenk-line techniques. Solvents were obtained dried from a Solvent Purification System of Innovative Technology Inc. The 11-vertex rhodathiaborane 1 was prepared according to the literature methods [21] . NMR spectra were recorded on Bruker Avance 300-MHz and AV 400-MHz spectrometers, using 31 P-{ 1 H}, 11 
X-ray crystallography
Crystals of compound 3 suitable for X-ray diffraction analysis were grown by slow diffusion of hexane into a concentrated solution of the rhodathiaborane in dichloromethane. X-ray diffraction data were collected at low temperature (100(2) K) on an automatic Bruker Kappa APEX DUO CCD area detector diffractometer equipped with graphite-monochromatic Mo-K  radiation ( = 0.71073 Å) using narrow frames (0.3˚ in ). In all cases, single crystals were mounted on a fiber and were covered with a protective perfluoropolyether. Intensities were integrated including Lorentz and polarization effect with SAINT-Plus program [34] and corrected for absorption using multi-scan methods applied with SADABS program [35] . The structures were solved using the SHELXS-97 program [36] . Refinements were carried out by full-matrix leastsquares on F 2 with SHELXL-97 [37] , including isotropic and subsequent anisotropic displacement parameters for all non-hydrogen atoms. Experimental diffraction parameters and crystal data are gathered in Table 3 . (2) was dissolved in 10 ml of CH 2 Cl 2 in a Schlenk tube. After three freeze-thaw cycles, a balloon containing ethylene was attached to the Schlenk tube, and the rhodathiaborane solution exposed to the gas. The system was stirred at room temperature for 24 h and then concentrated by solvent evaporation under vacuum, after which hexane was added to produce an orangered precipitate, which was then washed several times with hexane. The solid was crystallized from CH 2 Cl 2 /hexane to isolate the respective ethylene-ligated cluster, [1,1- 
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